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 Abstract
The main goal of present paper is to present the research 
lines that we are presently following in the study of Portuguese 
Sign Language (LGP), including the replication of previous studies 
in other sign languages (such as a working memory study) but 
also proposals that are, to our best knowledge, original (such 
as the study of time perception in deaf). We start by making a 
review of the theoretical framework that has supported several 
studies in other sign languages, particularly in American Sign 
Language (ASL), identifying then the need of replicating these 
studies for LGP. The status of our works is also presented.
Keywords: Portuguese Sign Language (LGP), American Sign 
Language (ASL), Working Memory, sign languages, cognitive 
development, time perception, deafness. 
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 Deafness and cognitive development
There are no doubts that, although being the 
result of genetic programming, the development 
and maturation of the brain and related cognitive 
development, are crucially dependent of the inte-
raction with the environment. As a key feature of 
this interaction are sensorial inputs, being now 
well known that sensorial deprivation may result 
in deficits in structural and functional organization. 
Congenital sensorial deprivation, as the one that 
results from congenital deafness or blindness, can 
then, theoretically, have a deleterious effect in that 
organization. Even when there are circumstances 
where these deficits can be corrected later in life, 
there is an increased probability of passing the 
critical period without stimulation. 
We can identify two different kinds of questions 
when researching in deafness. The first concern 
is to know how deprivation of auditory sensorial 
inputs influences cortical and cognitive organization. 
The second, behind the scope of this article, and of 
greater relevance for intervention and rehabilitation, 
concerns the existence of a critical period for the 
auditory system. This second question, related with 
the existence of a critical period for the auditory sys-
tem, gains even greater importance when considering 
that congenital deaf that are implanted as adults have 
worst auditory performances and little gains in what 
concerns their linguistic development. In fact, several 
studies seem to suggest that auditory performance 
of congenital deaf with cochlear implants is crucially 
dependent on the age of implantation. 
 The importance of Sign Language
Despite sensorial deprivation, auditory deficiency 
or deafness are multidimensional phenomena with 
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several social, medical and educational features 
needing consideration. Therefore children with 
auditory impairment can follow various develop-
mental pathways. Several factors can account for 
this variability. When taught sign language as a 
native language, deaf children are able to achieve 
linguistic milestones at a proper age. That is probably 
why one factor of good prognostic is when deaf 
children have deaf parents, and are immersed in 
that linguistic environment since birth.
However, sign languages and oral languages differ 
in several relevant features namely in the sensorial 
modality that it is used to convey the linguistic 
information. In sing languages we have the linguistic 
content that is understood as such by the brain, 
which conveyed to the brain through a different 
sensorial modality, that is a visuo-spatial modality 
instead of an auditory one. That poses a problem to 
the direct application of the classic working memory 
model to sign language.
 Working Memory Model
The relation between memory, particularly working 
memory and oral language is well known, and has 
been extensively explored in numerous studies. 
In fact the working memory model postulates the 
existence of a mechanism specialised in processing 
phonological and linguistic information. 
Working memory is an influential model that 
was first proposed in 1974 by Baddeley and Hitch 
in a seminal paper that points that “despite more 
than a decade of research on the topic of short term 
memory we still know virtually nothing about its role 
in normal human information processing” (p. 48). 
According to these authors the concept of short 
term memory should be replaced by one that of a 
working memory system. In this proposal we have 
a control system with limited storing and processing 
capacity, the central executive, and two subsidiary 
systems, one used for verbal material, the other one 
used for visuo-spatial material. In this initial paper 
the authors suggest that working memory plays an 
important role in several cognitive functions. 
Phonological loop is the best studied component 
of the model and it is related with the processing of 
verbal and phonological material. Two components 
were proposed as part of the Phonological loop: 
a speech based store that keeps the mnesic trace 
and an articulatory control process. It is assumed 
that auditory information gains mandatory access to 
the store. This loop explains several experimental 
effects and its considerable explicative power, has 
lead people to reflect about the functional role of 
the phonological Loop in speech comprehension. 
Subsequently it was proposed that the phonological 
loop could play an important role in the long term 
learning of unfamiliar material (Baddeley, Papagno 
and Vallar, 1988). Its role in understanding the 
process of language acquisition was also studied 
(Gathercole and Baddeley, 1990), and relations with 
the acquisition of skill and knowledge in reading 
and mathematics are also found (Gathercole et 
al, 2006). The phonological loop seems to be a 
“Language Learning Device” to learn new words 
(Baddeley, Gathercole and Papagno, 1998) that cru-
cially relies on the phonological store. It also seems 
to be related with a second language acquisition 
(Service, 1992). Some studies show that phonolo-
gical working memory capacity, as measured by 
non word repetition, can influence the outcome of 
cochlear implantation, even more than implantation 
age (Willstedt-Svensson et al, 2004).
The proposal of a phonological loop to deal with 
verbal and phonological material is substantially 
validated. In fact, phonological loop explains several 
experimental effects: phonological similarity that 
shows that phonologically similar words are less 
remembered than dissimilar items (Conrad and Hull, 
1964), strengthening the idea of a phonological 
coding. It also explains the irrelevant speech effect, 
that shows that irrelevant auditory material disrupts 
performance (Colle e Welsh, 1976) and reinforces the 
idea that auditory material gains automatic access to 
the phonological store, and the word length effect 
according to which, lists of longer words are less 
well remembered than lists of short words (Badde-
ley, Thomson and Buchanan, 1975), which is seen 
as evidence for an articulatory rehearsal process 
that seems to occur in real time. This word length 
effect can be prevented by articulatory suppression 
(Baddeley, Lewis and Vallar, 1984). Articulatory 
suppression is obtained when subjects perform an 
irrelevant mouth movement, while performing a 
span task. Articulatory suppression also prevents 
phonological similarity effect for visually presented 
material since it prevents sub-vocal recoding (Murray, 
1986). In the phonological loop people seem to 
remember as many items as they can say in two 
seconds (Baddeley et al. 1975), which reinforces the 
idea that rehearsal occurs in real time.
The other subsidiary system, the visuo-spatial 
sketchpad, is less studied. The visuo-spatial sketchpad 
is seen as a store that, together with control proces-
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ses, is responsible by registering the visuo-spatial 
information and keeping it trough a rehearsal process. 
More recently other component was added to the 
model, namely the episodic buffer (Baddeley, 2000), 
but the division between a verbal domain and a 
visuo-spatial domain seems to reflect a fundamental 
division in human cognition.
  Working Memory Model and American 
Sign Language (ASL) 
Wilson and Emmorey (1997) studied the working 
memory system of ASL signers considering the pos-
sible interference of the modality by which language 
reaches the brain: visual or auditory. As pointed by 
these authors many differences between verbal and 
visuo-spatial working memory have been attributed 
to differences between audition and vision. In fact, 
audition is more related with time, and vision is 
more related with space. As synthesized by the 
authors there are strong unidirectional associations 
between auditory items that are not found in visual 
working memory that may demand a nonlinear 
structure. That could imply that working memory 
for sign language may differ systematically from 
that for speech.
But the authors also stressed that there are several 
similarities between sign and speech, namely that 
signs are not holistic gestures but are constructed 
from a set of meaningless units, combined in a 
similar manner to that of the phonological level 
in spoken languages (Battison, 1978 in Wilson & 
Emmorey, 1997) and that there is a close relationship 
between perception and production, unlike what 
happens with the vast majority of visual stimuli that 
are usually used to evaluate working memory, and 
that allows rehearsal processes.
Based on these similarities, and in the growing 
evidence at the time that ASL-based memory code 
for temporary storage resembles the type of speech 
coding used by hearing subjects, the authors went 
further and directly explored the existence of a 
“phonological” loop for sign language. 
They found a phonological similarity effect (using 
signs that were either similar or dissimilar in terms 
of handshape), replicating previous results. They 
also found a manual articulatory suppression effect 
(obtained by asking the subjects to open and close 
their fists, alternating the hands). They argue that 
suppression and similarity seem to derive from 
separate components of the system. For material that 
needs recoding (pictures of easily named objects) 
the similarity effect was eliminated by articulatory 
suppression. They obtained similarity effect when 
there was no hand motion, but hand motion sup-
pressed the similarity effect, so it appears that an 
articulatory process in needed to recoding. They 
also found a “word” length effect; presenting short 
signs and long signs, and showing that memory 
performance is sensitive to the articulation time of 
the signs. On the other hand, they also found that 
suppression prevents the length effect. Synthesizing 
their findings about the effects, and the interactions 
between them, are analogous to what happens for 
oral language, reinforcing the hypothesis of a “sign 
loop”.
  Working Memory Model and 
Portguguese Sign Language (LGP):  
A work in progress 
The work of Wilson and Emmorey (1997) and pos-
terior works seem to suggest that the “phonological 
loop” is a mechanism that is related to the processing 
of linguistic input, regardless of the modality of that 
input, suggesting that working memory system is a 
flexible one. Neuroscience data reinforces this simi-
larity, for instance, recent neuroimaging studies had 
found an inner sign analogous to the inner speech 
and recent neurophysiologic evidence supports the 
notion of an amodal site for carrying phonological, 
syllable like representations in the temporal lobe that 
it’s active when either speech or sign are processed 
in syllable tasks (cf. Ronnberg, 2003).
Deaf brain organization, in a similar manner to 
what happens in blind subjects, seems to display 
cross modal plasticity (in the case of the deaf it 
is when sign language activates areas of auditory 
cortex). In fact is today known from imaging studies 
that deaf subjects display auditory cortical activity 
when they are processing sign language gestures 
or other complex visual stimuli (Pettito et al 2000). 
Multisensorial convergence seems then to be a gene-
ralized feature of brain and cognition (Bavelier et 
al, 2006). Besides functional reorganization, auditory 
experience and/or exposure to sign language during 
human development seems to impact even anato-
mical organization. For instance volumetric analysis 
with MR shows that deaf people present a greater 
volume of grey matter in posterior left insular lobe. 
(Allen et al. 2008).
These results seem to point to a universal response 
of the brain and cognition to the learning of a 
sign language, namely ASL. In the case of working 
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memory, we can think that this similarity of ASL with 
spoken language reveals and underlying capacity 
of the human brain and cognition to deal with an 
alternative sensorial modality of linguistic input. 
However, and more than in oral languages that 
are well established, there are significant differences 
between ASL and LGP.
ASL is the dominant language in the American 
deaf community, in some parts of Canada (Anglican) 
and in some regions of Mexico. The ASL is also used 
in other countries like the Filipinas, Malaysia, Hong 
Kong, Dominican Republic and Puerto Rico among 
others. Just like other sign languages its grammar and 
syntax is different from any other spoken language 
within its area of influence. The actual ASL has 
its origin in a confluence of various events and 
circumstances and has four great influences: Home 
signs; Martha’s Vineyard sign language; Indians tribe 
sign language; and the Old French Sign Language. 
Thus ASL has a grammatical structure based in these 
four great influences.
Having completely different origins, the Portuguese 
Sign Language (LGP) has a distinctive grammatical 
structure from ASL. LGP is a language that is used 
by Portuguese Deaf people in their communication, 
being the most important window frame of their 
identity. Introduced in Portugal by professor Per 
Aron Borg, the great influence in LGP is Swedish 
Sign Language. It’s possible that even before the 
arrival of Professor Borg in Portugal, it exist an Old 
Portuguese Sign Language developed in very little 
communities spread around the country, but no fonts 
confirm that hypothesis. Nowadays, the influence of 
Swedish Sign Language in LGP can only be seen in 
the hand configuration used in signs that describe 
the Portuguese manual alphabet, very identical to the 
Swedish one. Thus, other LGP linguistic parameters 
are distinctive from the Swedish Sign Language, 
probably as the result of the grouping of deaf children 
and youngsters in residential schools. 
Another great difference between these two lan-
guages is their historical educational background. 
In 1880 in the Congress of Milan it was decided 
by majority that deaf should be taught orally, that 
sign language should be banished, and that deaf 
teachers should be replaced by hearing teachers. 
These recommendations had the opposition of two 
countries: the EUA and Sweden that kept sign lan-
guage as the method of teaching the deaf.
As consequence, for over a century, Portugal, 
as several other countries, prohibited the use of 
sign language in deaf schools, and LGP developed 
outside school, namely in households, residential 
households and deaf associations.
Therefore, while ASL was developing inside deaf 
schools and in deaf communities, broadening its 
lexicon and refining its grammatical structures, LGP 
was only practiced in secrecy, becoming reduced to 
a daily basis communication, being held back in its 
developing. Although, in some periods in the USA, 
the use of ASL in schools had lost some importance, 
in the sixties, due to the linguistic investigations of 
William Stokoe, ASL reacquired and enlarged its 
statute as language for teaching the deaf students. In 
Portugal, only in the nineties LGP became regularly 
used as the language for educating deaf people 
and only in 1997 was recognized by law as a true 
language of deaf community.
Due to referred differences between the two 
languages (ASL and LGP), their distinctive historical 
background, and some other differences that seem 
to exist namely in terms of phonological and lexical 
variation. 
As previously demonstrated younger sign lan-
guages (Aronoff et al., 2008, Israel and Sandler, 
in press) appear to exhibit a greater amount of 
sublexical variation (e.g. handshape). Differences 
in social factors such as language age, size of the 
Deaf Community and prescriptive language norms 
seems to contribute to develop robust established 
lexical and sublexical categories and signs with less 
variation. Israel and Sandler study (in press) pointed 
out meaningful differences in phonological variations 
among categories in ASL, ISL (Israeli Sign Language) 
and ABSL (Al-Sayyid Bedouin Sign Language). ASL 
presented the less amount of variation, followed 
by ISL and ABSL showed the most variation. This 
study leads us to suggest that probably in LGP we 
will find a greater amount of variation, than in ASL. 
This is en important issue in order to design the 
linguistic Stimuli in our work. 
Some pilot studies conducted by Mineiro et al. 
(2008) and Pereira et al. (in press) presented us some 
evidence about the variation of polissemic forms and 
the diachronic variation of forms in Portuguese sign 
language lexicon. These findings were consistent 
with the results of nominal criation in LPG found 
by Henriques (2006).
Although these are preliminary studies summed 
up to the fact that there is no established corpora for 
LGP, our feeling is that they are concrete differences 
in terms of lexical and sublexical variation between 
LGP and ASL. Further research in this domain is 
necessary to establish differences. 
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We consider that the studies made for ASL should 
be replicated for LGP, and it is proposed that the 
results of those studies may held some differences.
Presently, we are replicating the study of Wilson 
and Emorey (1997) on (because there is no establi-
shed corpora for LGP there are few concrete data 
in several linguistic parameters) it was considered 
that the studies made for ASL should be replicated 
for LGP, and it is proposed that the results of those 
studies may held some differences.
We are presently replicating the study of Wilson 
and Emmorey (1997) on Working Memory because, 
although being a relatively old study, it relies on 
a well established model and holds important 
conclusions regarding the nature of the cognitive 
organization for sign language. 
The materials are already constructed and implied 
the arrangement of several lists of similar items, 
dissimilar items, short signs, long signs and easily 
nameable pictures. Building these materials has 
proven to be a particularly difficult task. We have also 
introduced a digit span task. Because a consistent 
finding in working memory for sign language is that 
storage capacity is significantly lower for sign that 
for speech (Emmorey and Wilson, 2004), because 
Portuguese signs with all the required characteris-
tics to build the list (and with additional semantic 
constraints) were hard to find, and based on the 
opinion of experienced deaf teachers, our lists had 
a maximum span of six items. However in some 
tasks, when we did the pre-validation of our material 
with elements of the deaf community we found, a 
ceiling effect. 
We can speculate that this ceiling effect was found 
because probably there are differences in the relation 
between the articulation length of ASL and LGP and 
their correspondent oral languages that impact span, 
or in other linguistic features. 
We are now increasing the maximum number of 
items in our lists in order to proceed to the applica-
tions in the experimental group. The experimental 
group, including only native speakers of LGP, is 
identified, and has already signed consent forms. 
Experimental results are due until the end of the 
current year.
  Time Perception and Portuguese Sign 
Language  (LGP): A relation to explore 
It is interesting to notice that the span size diffe-
rence between sign and speech that occurs in imme-
diate serial recall doesn’t occur for more complex 
tasks (Boutla et al., 2004 in Emmorey and Wilson, 
2004). A possible explanation that is put forward 
is that sign languages rely in visual processing that 
occurs simultaneously and don’t rely in temporally 
encoded distinctions (cf. Emmorey and Wilson, 2004). 
The different pattern that hearing and deaf subjects 
present in forward and backward digit span, with 
the backward digit span being more deleterious 
to hearing subjects is interpreted as reflecting the 
specialization of the loop in for the exact repetition 
of a sequence of items in a given order (Wilson and 
Emmorey, 1997) constituting one aspect in which the 
authors identified differences between the speech 
and the sign loop. 
Taking into consideration these results, and beyond 
the replication studies in course for LGP, we are 
also exploring the hypothesis that these differences 
in the reliance in temporal sequences may have an 
impact in time perception. 
Time perception and its measuring are basic 
components of cerebral function, and temporal 
processing is an integral part of many everyday goal 
oriented behaviours. The explanation for subjective 
time also assumes the existence of an internal-clock 
mechanism. Previous work has shown an association 
between the estimation of time and short term 
memory/ working memory (Coelho et al, 2004). We 
are presently adapting the tasks and procedures used 
in this study to LGP in order to address the relation 
between sign language (LGP), time perception and 
working memory.
Recognized as the official language of the Por-
tuguese deaf community only in 1997, LGP is a 
language that presents a wide research field to which 
we expect to contribute in a productive manner.
 References
1. Allen J., Emmorey K, Bruss J and Damasio H. (2008) Morphology of the 
Insula in Relation to Hearing Status and Sign Language Experience. Journal 
of Neuroscience, November 12, 2008, 28(46).
2. Aronoff, M., Meir, I., Padden, C. A., & Sandler, W. (2008). The Roots of 
Linguistic Organization in a New Language. Interaction Studies, 9, 133-153
3. Baddeley, A.D. & Hitch GJ (1974). Working Memory. The psychology of 
learning and motivation (Bower, G.A. Eds). Academic Press. New York 
(vol 8, 47-89).
4. Baddeley, A.D., Papagno, C. & Vallar G. (1988) When long term learning 
depends on short term storage. Journal of Memory and Language, 27,586-
595
5. Baddeley, A.,Thomson . N, Buchanan, M. (1975) Word length and the 
structure of short term memory, Journal of Verbal Learning and Verbal 
Behavior, 14, 575-589
  C a d e r n o s  d e  S a ú d e    Vo l .  2    N ú m e r o  e s p e c i a l  d e  L í n g u a s  G e s t u a i s104
6. Baddeley, A. D., Gathercole, S. E., & Papagno, C. (1998). The phonological 
loop as a language learning device. Psychological Review, 105, 158-173
7. Baddeley, A.D. Lewis V. ,Vallar G., Exploring the articulatory loop. Quarterly 
Journal of Experimental Psychology 36A (1984), 233–252.
8. Baddeley, A.D. (2000) The episodic buffer: A new component of working 
memory? Trends in Cognitive Sciences. 4, 11, 417-423.
9. Bavelier, D., Dye, M.W.G., & Hauser, P. (2006). Do deaf individuals see better? 
Trends in Cognitive Sciences, 10, 512-518.
10. Coelho M. , Ferreira J.J ,  Dias B. ,   Sampaio  C. , Pavão  Martins I. ,  Castro-
Caldas A. (2004) Assessment Of Time Perception: The Effect of Aging; 
Journal Of The International Neuropsychological Society (2004), 10, 332-341
11. Colle, H. A., & Welsh, A. (1976). Acoustic masking in primary memory. 
Journal of Verbal Learning and Verbal Behavior, 15, 17-32
12. Conrad, R. & Hull, A.J. (1964) Information, acoustic confusion and Memory 
Span. British Journal of Psychology, 55, 429-432
13. Emmorey K., Wilson M. (2004) The Puzzle of working memory for sign 
language. Trends in Cognitive Sciences, 8,12, 521-523
14. Gathercole, S.E., Alloway, T.P., Willis, C.S., & Adams, A.M. (2006). Working 
memory in children with reading disabilities. Journal of Experimental Child 
Psychology, 93, 265-281.
15. Gathercole, S. E. & Baddeley, A. D. (1990). The role of phonological memory 
in vocabulary acquisition: A study of young children learning new names. 
British Journal of Psychology, 81, 439-454
16. Henriques, L. (2006) Para uma descrição da variação nominal em LGP, 
MA Diss. Lisbon (n/p.)
17. Israel, A, Sandler, W. (In Press) Phonological category resolution: a study 
of handshapes in younger and older sign languages. Cadernos de Saúde, 
Edição Especial.
18. Mineiro, A. Duarte, L. Carvalho, P. Tebé, C. e Correia, M. (2008)Aspectos da 
Polissemia nominal em Língua Gestual Portuguesa. Polissema, 8, 37-56 . 
19. Murray D. (1968) Artculation and acoustic confusability in short term 
memory. Journal of experimental psychology, 78, 679, 684 
20. Pereira,J. Morais, I. Duarte, L., Mineiro, A. (In Press) Diachronic Variation in 
portuguese Sign Language. Proceedings of the 1st Symposium in Applied 
Sign Linguistics, University of Bristol, Centre for Deaf Studies, Bristol: UK. 
21. Petitto LA, Zatorre R J., Gauna K,. Nikelski E. J, Dostie D, and. Evans A C 
(2000) Speech-like cerebral activity in profoundly deaf people processing 
signed languages: Implications for the neural basis of human language. 
PNAS 97:13961-13966
22. Ronneberg, J. (2004) Working memory, neuroscience and language – 
evidence from Deaf and hard-of-hearing individuals, (eds.) Marschak, 
M. Spencer, E. (2003) Oxford Handbook of Deaf Studies, Oxford University 
Press, chp34: 479-489.
23. Service E. (1992) Phonology, working memory, and foreign-language 
learning. Q J Exp Psychol . Jul;45(1):21-50 
24. Willstedt-Svensson U;  Löfqvist A;  Almqvist B.; Sahlén B (2004) Is age at 
implant the only factor that counts? The influence of working memory on 
lexical and grammatical development in children with cochlear implants 
International Journal of Audiology: 43 (9) 506 – 515
25. Wilson M., Emmorey K. (1997) Working Memory for sign language: A 
window into the architecture of the working memory system, Journal 
of Deaf Studies and Deaf Education 2:3, 121-130
